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Abstract-  The  Simrad  EK500  and  EK60  scientific  echo 
sounders  have  been  operated  with  the  same  38-kHz,  12-deg- 
beamwidth,  split-beam  transducer,  with  alternate  pinging  by 
means  of  an  external  triggering-and-switching  system.  The 
respective  performances  of  the  two  systems  are  compared  by 
means  of  standard-target  calibrations  conducted  at  the  acoustic 
calibration  facility  on  Iselin  Dock  at  Woods  Hole  Oceanographic 
Institution  with  a  60-mm-diameter  copper  sphere.  Principal 
comparisons  include  those  of  time  series  of  echo  strength  and 
target  strength,  split-beam-determined  angles,  and  derived 
measures  of  directivity. 

I  INTRODUCTION 

The  Simrad  EK500  scientific  echo  sounder  [1]  is  a  standard 
echo  sounder  used  for  fisheries  applications  throughout  the  world 
and  has  been  used  to  survey  a  number  of  fish  populations  for  over  a 
decade.  The  Simrad  EK60  scientific  echo  sounder  is  the  next- 
generation  system.  Maintaining  a  high-quality  time  series  of  density 
and  abundance  estimates  of  marine  fisheries  is  a  goal  of  fisheries 
managers.  The  introduction  of  a  new  echo  sounder  system  requires 
that  comparisons  be  made  between  the  current  and  the  new  systems 
and  potential  differences  quantified  to  evaluate  population  estimates 
derived  from  acoustical  measurements. 

Calibration  of  scientific  echo  sounders  is  a  fundamental 
component  for  ensuring  high-quality  acoustical  data  [2],  [3]. 
Standard  target  calibration  methods  are  convenient  for  measuring 
system  stability  and  calibrating  the  echo  sounder  system  to  an 
absolute  standard  [4],  [5],  Because  scientific  echo  sounders  are 
calibrated  to  an  absolute  standard,  comparisons  among  echo 
sounders  are  straightforward.  Calibration  parameters  include  on- 
axis  sensitivity,  beam  patterns,  and  beamwidths. 

In  this  paper,  on-axis  sensitivities  and  beam  pattern 
measurements  using  the  standard  target  calibration  method  are 
compared  between  EK500  and  EK60  echo  sounders  operating  at  38 
kHz. 

II  METHODS 

A  companion  paper  [6]  details  the  experimental  design  and 
methodology.  We  provide  a  brief  description  of  the  methods 
pertinent  to  the  comparisons  here.  Acoustic  backscatter  data  were 
collected  with  a  Simrad  EK500  scientific  echo  sounder  [1]  and  a 
Simrad  EK60  scientific  echo  sounder  operating  at  38  kHz  during  6-7 
January  2003  on  the  Iselin  dock  at  the  Woods  Hole  Oceanographic 
Institution.  The  echo  sounders  shared  the  same  38-kHz  split-beam 
transducer.  Simrad  model  number  ES38-12,  by  means  of  a 
multiplexing  junction  box.  The  beamwidth  was  12°  (measured  by 
the  total  angular  distance  between  the  half  power  points).  The 
transducer  was  mounted  looking  sideways  on  a  6-m  shaft  suspended 
at  a  water  depth  of  approximately  3  m.  A  personal  computer  (PC) 
controlled  rotation  of  the  transducer  [7].  For  each  rotation 


increment,  the  EK500  and  EK60  were  alternately  ‘triggered"  at  a 
rate  of  2  pings  per  second  (one  ping  per  second  for  each  echo 
sounder).  Alternate  triggering  allowed  direct  comparisons  between 
echo  sounders  under  the  same  environmental  and  experimental 
conditions.  Operational  parameters  for  both  echo  sounders  are 
discussed  in  [6] 

The  transducer  was  mounted  facing  sideways  with  the 
‘alongship"  axis  oriented  vertically  (positive  angles  up)  and  the 
‘athwartship’  angles  oriented  horizontally  (positive  angles  to  the 
right).  A  60-mm-diameter  copper  sphere  was  used  as  the  standard 
target  [8]  and  was  suspended  with  a  monofilament  line  in  the 
acoustic  beam.  The  sphere  was  placed  at  a  range  of  approximately 
11.5  m  from  the  transducer.  At  this  range,  20-cm  subtends  a  1- 
degree  arc.  Transducer  directivity  was  measured  by  rotating  the 
transducer  from  -15°  to  +15°  in  0.5°  increments  (a  ‘sweep’)  and 
raising  and  lowering  the  sphere  in  1°  increments  between  sweeps. 

Calibration  results  in  [6]  suggested  that  the  sphere  was  aligned 
with  the  alongship  axis  but  that  an  angular  offset  was  present  in  the 
athwartship  direction.  Because  of  this  offset  between  the  split-beam 
derived  (observed)  angles  and  the  angles  based  on  experimental 
geometry  between  the  transducer  and  sphere  (expected  angles),  the 
observed  angles  were  adjusted  by  the  offset  amount.  Slopes  and 
intercepts  from  linear  regressions  between  the  alongship  observed 
and  expected  angles  and  between  the  athwartship  observed  and 
expected  angles  were  applied  to  the  measured  angles. 

Ctadj  —  Met  0bs  +  B 

fKutj  -  m/U  -  />’ 

where  a  is  the  alongship  angle,  p  is  the  athwartship  angle,  and  M 
and  B  are  the  slope  and  intercepts  of  the  linear  regressions.  An 
empirically-derived  transducer  directivity  was  computed  using  these 
adjusted  angles  in  the  polynomial  [6] 

TScomp  (a,  p)  =  TScons,  +  c0aadj  +  c{aldj  +  c2Padj  +  c2P]dj  (2) 

where  TSconst  is  the  overall  echo  strength  compensation  value  and  c0, 
Ci,  C2,  and  C3  are  the  empirically  derived  coefficients.  The  empirical 
transducer  beam  pattern  was  then  compared  to  the  theoretical  beam 
pattern  (equation  (1)  in  [6]). 

An  index  of  the  inconsistency  between  the  expected,  observed, 
and  adjusted  transducer  directivity  responses  was  defined  as  the 
mean  difference  per  each  1 -degree  off-axis  interval.  Mean  beam 
pattern  differences  (A(y))  within  specified  angular  intervals  were 
computed  by 

y  =  7«2  +  P2  .  (3) 
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A(y)  = lOlog 


observed  between  pings  560  and  580  on  the  EK500  and  EK60; 
however,  the  decrease  observed  in  the  EK60  target  strengths 
between  pings  580  and  600  is  not  observed  in  the  EK500 
measurements. 


where  y  is  the  angular  distance  between  the  axis  and  the  target 
location,  (  \  denotes  an  arithmetic  mean,  and  II  denotes  the  absolute 

value.  A(f)  was  calculated  for  1-degree  angle  increments  (0°<r<l°, 

l°<r<2°,  2°<r<30,...,5°<r<61’).  The  absolute  value  of  the  difference 
was  computed  to  determine  the  magnitude  of  the  discrepancies. 

Ill  RESULTS  AND  DISCUSSION 

On-axis  Comparisons 

One  thousand  echo  time  series  were  collected  for  each  echo 
sounder  with  the  60-mm  copper  sphere  positioned  on-axis  of  the 
EK500  and  EK60.  While  mean  target  strengths  were  similar,  target 
strength  distributions  differed  between  the  EK500  and  EK60  (right 
panels.  Figure  1).  Both  split-beam  target  strength  distributions  were 
unimodal;  however,  the  EK500  target  strength  distribution  was 
narrower  (~1.5  dB  total  range)  with  greater  than  70%  of  the  target 
strengths  within  ±0.2  dB  of  the  mean,  whereas  the  EK60  target 
strength  distribution  was  skewed  towards  target  strengths  greater 
than  the  mean,  had  a  wider  range  (-3  dB),  and  only  55%  of  the 
target  strengths  were  within  ±0.2  dB  of  the  mean. 
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Figure  1.  Time  series  (left  panels)  and  split-beam  target  strength 
distributions  (right  panels)  of  on-axis  echo  amplitude 
measurements  of  a  60-mm-diameter  copper  sphere  for  the  EK500 
and  EK60.  Ping  rate  was  1  ping  s"1  per  echo  sounder  and  1000 
pings  represents  approximately  17  minutes.  Echo  strength 
measurements  were  compensated  for  location  in  the  acoustic 
beam  to  give  split-beam  target  strengths.  Mean  split-beam  target 
strength  (TS)  and  standard  deviation  (sd)  are  derived  from  the 
Gaussian  fit  to  the  data  [6]. 

A  one-hundred-ping  subset  of  the  time  series  was  arbitrarily 
chosen  to  investigate  consistency  in  target  strength  measurements 
between  the  EK500  and  EK60  (Fig.  2).  A  general  pattern  of 
coherence  does  not  appear  to  exist  in  target  strength  measurements 
between  the  two  echo  sounders.  For  example,  a  slight  increase  is 
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Figure  2.  Pings  500-600  of  the  60  mm  copper  sphere  time  series 
in  Fig.  1 .  Echo  strengths  were  compensated  for  location  in  the 
beam. 

Beamwidth  Comparisons 

Beamwidths  of  the  observed  EK500  and  EK60  beam  patterns 
were  compared  to  the  manufacturers  stated  beamwidth  of  12°.  The 
beamwidth  was  measured  as  the  total  angular  distance  between  the  3 
dB  ‘down-points’  of  the  beam  pattern.  Although  beamwidths  were 
similar  between  the  EK500  and  EK60,  the  athwartship  beamwidths 
for  the  EK60  and  EK500  were  closer  to  the  specified  12°  than  were 
alongship  beamwidths  (Table  1).  Athwartship  beamwidths  were 
within  0.2°  whereas  alongship  beamwidths  were  off  by  0.6°. 

Table  1.  Beamwidths  (degrees)  of  the  EK500  and  EK60 
observed  beam  patterns.  TSCOnst  is  derived  from  equation  (2). 


EK500 

EK60 

Alongship 

11.4 

11.4 

beamwidth 

Athwartship 

12.0 

12.2 

beamwidth 

TSconst 

-33.6 

-33.5 

The  polynomial  constant  in  equation  2  (TSconst)  is  the  on-axis 
echo  strength  compensation  (0°  alongship  and  0°  athwartship)  value. 
TSConst  sets  the  overall  compensation  level  for  echo  strength 
measurements.  Differences  between  TSC0„st  and  the  calibrated  on- 
axis  sensitivity  may  affect  the  accuracy  of  split-beam-compensated 
target  strengths.  The  TSconst  value  for  the  EK500  was  within  0.05 
dB  of  the  theoretical  target  strength  of  the  60-mm  copper  calibration 
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sphere  (-33.6  dB).  However,  the  TSconst  for  the  EK60  was  0.1  dB 
greater  than  the  theoretical  value. 

Beam  pattern  Comparisons 

The  observed  split-beam  angles  were  adjusted  using  equation 

(2)  with  the  slope  and  intercepts  derived  from  the  linear  regressions 
of  the  expected  and  observed  alongship  and  athwartship  angles 
(Table  2).  The  mean  of  the  absolute  differences  between  the 
expected,  observed,  and  adjusted  beam  patterns  were  computed 
using  equation  (4).  Figure  3  displays  the  mean  of  the  magnitudes  of 
the  differences  between  the  expected  and  observed  beam  patterns 
and  between  the  expected  and  adjusted  beam  patterns  for  the  EK500 
and  EK60,  respectively.  The  mean  difference  was  computed  for 
each  1-degree  interval. 

Table  2.  Slopes  and  intercepts  of  the  linear  regressions  between 
the  expected  and  observed  alongship  and  athwartship  angles  for 
the  EK500  and  EK60. 


EK500 

EK60 

Alongship 

Slope 

1.061 

1.080 

Intercept 

0.114 

0.060 

Athwartship 

Slope 

1.017 

1.018 

Intercept 

-0.860 

-0.868 

The  mean  of  the  absolute  differences  between  expected  and 
observed  or  adjusted  beam  patterns  increased  with  angular  distance 
off-axis  (Fig.  3).  Mean  absolute  differences  were  greater  for  the 
expected  versus  observed  beam  patterns  than  for  the  expected  versus 
adjusted  beam  patterns.  The  intercept  of  the  expected  versus 
observed  beam  patterns  is  a  result  of  the  athwartship  angular  offset. 
The  difference  between  the  expected  and  the  observed  beam  patterns 
ranged  from  0.3  to  1.6  dB  for  both  the  EK60  and  EK500.  Adjusting 
the  beam  pattern  for  the  athwartship  and  alongship  offsets  decreased 
the  mean  differences,  as  the  differences  between  the  expected  and 
the  adjusted  beam  patterns  ranged  from  near  0  to  0.3  dB. 


the  adjustments  did  for  the  EK500.  This  may  be  due  to  the  error  in 
the  TSconst  value  for  the  EK60  (Table  1),  and  potentially  due  to  the 
skewed  target  strength  distribution  (Fig.  1 ).  The  TS  distribution  for 
the  EK500  is  unimodal  and  has  a  Gaussian  shape,  whereas  the  TS 
distribution  for  the  EK60,  which  is  also  unimodal,  is  skewed 
towards  higher  TS  values.  This  skewed  distribution  may  affect 
calculations  of  the  empirical  beam  pattern  and  ultimately  degrade 
the  ability  to  compensate  single-target  echo  strength  measurements 
for  location  in  the  beam. 
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Figure  3.  Mean  of  the  absolute  error  [dB]  between  the  expected 
and  observed  compensated  target  strengths  (left  panel)  and  the 
expected  and  the  compensated  target  strengths  using  adjusted 
angles  (right  panel)  for  the  EK500  (solid  diamonds)  and  the  EK60 
(open  diamonds).  The  mean  error  was  computed  at  1-degree  off- 
axis  angle  increments  (i.e.,  T'  is  the  mean  error  between  0  and  1- 
degree  off-axis). 

An  interesting  result  is  that  adjusting  the  EK60  beam  pattern 
did  not  completely  remove  the  error  between  0-  and  1-degrees,  as 
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